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Apparatus and method 

FOR 

Packaging Image Sensing Semiconductor Chips 



FIELD OF THE INVENTION 

[0001] The present invention relates generally to the packaging of semiconductor devices, and 
more particularly, to an apparatus and method of packaging optical imaging semiconductor 
devices. 

BACKGROUND OF THE INVENTION 
[0002] Optical imaging semiconductors, such as CMOS imaging sensors or Charge Couple 
Devices (CCDs), are capable of generating images from received light waves. Imaging 
semiconductor devices are usually encapsulated in a package that has a window made of glass, 
plastic or some other translucent material, that allows hght to impinge onto the light sensitive 
circuitry of the device. 

[0003] One known type of packaging for optical semiconductor devices involves the use of a 
multi-piece ceramic package commonly called a leadless chip carrier (LCC). The package 
includes a ceramic substrate including a die attach area. An integrated circuit (IC) such as an 
imaging chip, is attached to the die attach area. A ceramic contact template having electrical 
contact pads is provided around the periphery of the package and surrounding the chip. 
Electrical connections, such a wire bonds, are formed between the chip and the pads on the 
contact template. The height of the contact template is approximately the same as that of the 
chip on the ceramic substrate. A ceramic spacer is provided on top of the contact template 
around the periphery of the package. A transparent cover, such as glass, is then mounted and 
hermetically sealed on top of the ceramic spacer. Recess regions, sometimes referred to as 
castellations, are formed on the exterior periphery of the package. The purpose of the 
castellations is to provide electrical traces from the contact pads of the contact template to the 
underside of the package. Contacts located on the underside of the package, such as solder 
balls, are used to electrically comiect the chip inside the package to other electrical devices 
such'as those on a printed circuit board. In alternative examples of an LCC package for optical 
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chips, the substrate, contact template and the spacer can all be made of a plastic, such as 
epoxy. 

[0004] There are a number of problems associated with the aforementioned package. One 
significant problem is maintaining the proper tolerances for the chip package. With imaging 
applications, the IC includes imaging circuitry. The imaging circuitry needs to be at a focal 
point with respect to the lens used to provide images onto the IC. With the multi-piece, multi- 
level package described above, it is relatively difficult to manufacture and assemble the 
package with the precise tolerances needed to assure that the IC is within the focal plane of the 
lens. Another problem with the aforementioned package is that the IC is susceptible to 
contamination during assembly. The IC is attached to the substrate in an initial manufacturing 
step. Thereafter, numerous other steps are performed, such a wire bonding, attaching the 
contact template, and the spacer template, etc. During each of these steps, the IC is exposed to 
elements and dust particles that can readily contaminate the pixel area on the chip. Since the 
IC is protected from contamination only after the glass cover is attached to the package, there 
is a relatively high probability that the chip will be damaged, thereby reducing yields. 
Furthermore, ceramic packages are relatively expensive. They require assembly as single units 
and are generally not amenable to mass production semiconductor fabrication techniques. 
Ceramic LCC packages have rehability problems and are expensive. 

[0005] Another type of wafer-level packaging for optical semiconductor devices involves the 
use of two layers of glass. With this package, a first layer of glass is attached to the active 
surface of a wafer using an optically clear epoxy and a second layer of glass is attached to the 
bottom surface of the wafer also using an epoxy. Solder bumps are formed on the second layer 
of glass underneath the wafer. Individual packages are formed by scribing the wafer. Metal 
traces, sometimes called "T-junctions", are formed between bond pad contacts formed on the 
top of each die and exposed during the scribing process and the solder bumps formed on the 
bottom of the package. The problem with this type of package is that the T-junctions tend to 
be unreliable. Also, the use of the optically clear epoxy on the active surface of the wafer 
tends to scatter the light impinging on the light sensitive circuitry of the chip. This may reduce 
the efficiency of the imaging circuitry. 

[0006] An apparatus and method of wafer level packaging of optical imaging die using 
conventional semiconductor packaging techniques is therefore needed. 
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SUMMARY OF THE INVENTION 
[0007] To achieve the foregoing, and in accordance with the purpose of the present invention, 
a method and apparatus for wafer level packaging of optical imaging die using conventional 
semiconductor packaging techniques is disclosed. The method includes fabricating a die 
having imaging circuitry and fabricating a lid having a transparent region and support regions 
having a predetermined height. The lid is fabricated by applying a photo- sensitive adhesive 
layer with a thickness substantially equal to the predetermined height to a transparent plate 
and patterning the photo-sensitive adhesive layer to form the transparent region and the 
support regions. Once fabrication of the lid is complete, it is mounted directly onto the die so 
that the transparent region generally covers the imaging circuitry. The resulting apparatus 
includes a lid mounted directly onto the die with the transparent region generally positioned 
above the imaging circuitry. A gap, having a height dimension substantially equal to the 
predetermined height of the support regions of the lid, is spaced between the transparent 
region of the lid and the imaging circuitry on the die. hi one embodiment, the die and lid are 
encapsulated in a package such as a Tape Automated Bond package. In various other 
embodiments, the thicknesses of the die and the packaging material, and the height of the 
support regions of the lid, all may vary. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, may best be understood by 
reference to the following description taken in conjunction with the accompanying drawings 
in which: 

Figure 1 is top view of a semiconductor wafer of optical imaging dice. 
Figure 2 is an exploded, top view of one of the die on the wafer of Figure 1 according to 
the present invention. 

Figure 3 is a top view of the transparent plate according to the present invention. 

Figure 4 is a cross-section of the transparent plate of Figure 3 with a layer of photo- 
sensitive adhesive formed thereon according to the present invention. 

Figure 5A and 5B are bottom and cross section views of a lid formed scribed from the 
transparent plate and used to cover the optical imaging circuitry on a die from the 
semiconductor wafer according to the present invention. 

Figures 6a and 6b are perspective and cross section views of the lid mounted onto one of 
the die of the semiconductor wafer according to the present invention. 

Figures 7 A, 7B and 7C are various views of the semiconductor die and lid encapsulated 
in a Tape Automated Bond package according to the present invention. 

Figure 8 is a flow chart illustrating the sequence of steps for packaging the image 
sensing chips according to the present invention. 

In the Figures, like reference numbers refer to like components and elements. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0008] Referring to Figure 1, a top view of a semiconductor wafer containing optical imaging 
dice is shown. The wafer 10 includes a plurality of individual die 12 separated by horizontal 
and vertical scribe lines 14. Each individual die 12 includes imaging circuitry 16 (sometimes 
referred to as the "pixel area"). A plurality of bond pads 18 are provided around the imaging 
circuitry 16 at the periphery of each die 12. Gold bumps (not shown) are formed on the bond 
pads 18 of each die 12 on the wafer 10. 

[0009] Referring to Figure 2, an exploded, top view of one of the die on the wafer of Figure 1 
according to the present invention is shown. The die 12 includes the pixel area or imaging 
circuitry 16 generally located m the center of the chip. Gold bumps 20 are formed on the bond 
pads 18 on the die. According to various embodiments of the invention, the imaging circuitry 
can be either CCD, CMOS, or any other type of image generating circuitry. 

[0010] Referring to Figure 3 a top view of a transparent plate is shown, hi the embodiment 
shown, the transparent plate 30 is made from glass, has a thickness ranging from 0.3 to 0.7 
millimeters, and has the same general shape as the wafer 10. In alternative embodiments, the 
transparent plate can be made from plastic or any other fransparent material. The thickness can 
range from 0.3 millimeters or less or greater than 0.7 millimeters. The shape of the transparent 
plate 10 can also vary and does not necessarily have to be the same as the wafer 10. It can be 
round, square rectangular, or any other shape. 

[0011] Referring to Figure 4, a cross-section of the transparent plate 30 with a layer 32 of 
photo-sensitive adhesive applied thereon is shown. According to one embodiment, the layer 
32 is BCB manufactured by the Dow Chemical Corporation. The BCB is applied as a liquid 
and then disfributed across the surface of the plate 30 using a well known spin-on process, hi 
another embodiment, the layer 32 is AFP fihn manufactured by the Sumitomo Corporation of 
Japan. With this embodiment, the film is laminated onto the plate 30. hi various embodiments, 
the thickness of the adhesive layer 32 may range from 0.1 to 50 microns with either material, 
hi accordance with the present invention, the layer 32 is patterned using conventional mask 
and photolithography techniques. As is described in greater detail below, the plate 30 is 
scribed after being patterned to form a plurality of lids that are mounted onto the die 12 of the 
wafer 10. Each Ud is patterned to remove the adhesive layer to form a transparent region that 
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optically aligned with the imaging circuitry or pixel area when the lid is mounted onto the die. 
The layer 32 is generally left intact around the clear region of the lid. 

[0012] Referring to Figures 5A and 5B, bottom and cross section views of a lid according to 
the present invention is shown. Each hd 40 includes a transparent region 42 and regions 44a- 
44d where the adhesive layer 32 is left intact. As best illustrated in Figure 5B, the regions 44 
form a support strucUire for supporting the transparent region 42 over the imaging circuitry 
when the lid 40 is flipped and mounted on a die 12. The height of the support structure varies 
depending on the thickness of the layer 32. As previously noted, the height of the support 
structure may vary from 0.1 to 50 microns. In other words, a gap ranging from 0.1 to 50 
microns is provided between the imaging circuitry 16 and the transparent region 42 when the 
lid 40 is mounted onto the die 12. 

[0013] Referring to Figure 6A, a perspective view of a lid 40 mounted onto a die 12 according 
to the present invention is shown. The lid 40 is flipped and mounted on the die 12 so that the 
transparent region 42 is generally optically aligned or positioned over the imaging circuitry 16 
(not shown) of the die 12. As illusfrated in the cross section of Figure 6B, a gap 46 ranging 
from 0.1 to 50 microns is provided between the imaging circuitry 16 and the transparent 
region 42 on the lid 40 depending on the height of the support structures 44a-44d. 

[0014] Figures 7A, 7B and 7C are various views of the die 12 and Ud 40 encapsulated in a 
Tape Automated Bond (TAB) package according to the present invention. 

[0015] Figure 7A shows a top view of a TAB package 50. As illustrated, the Ud 40 with the 
transparent region 42 is positioned over the imaging circuitry 16 (not shown) on the die 12. A 
plurality of leads 54 are provided around the periphery of the die 12 to contact the gold bumps 
20 on the bond pads 18. The package 50 is encapsulated in a packaging material 54, such as 
FR4orBT. 

[0016] Figure 7B iUusfrates a cross section of one of the leads 52 contacting a gold bump 20 
on the die 12. The lead 52 is sandwiched between two insulating layers 56a and 56b such as 
polyimide. hisulating layer 56a is provided over the top of the lead 52. Insulating layer 56b is 
provided underneath the lead 52, between the lead 52 and the packaging material 54. A 
portion of the lead 52a in the vicinity of the gold bump 20 on the die 12 is exposed and is not 
covered with insulation. The exposed portion 52a of the lead 52 is bonded to a gold bump 20 
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using conventional semiconductor packaging techniques, such as heat, pressure, friction, 
ultrasound, or a combmation thereof. A via 58 plated with an electrically conductive material 
such as copper, aluminum, gold or other conductor is provided within the packaging material 
54 and the bottom polyimide layer 56b. The via provides an electrical connection between the 
lead 52 and a solder ball 60 provided on the bottom surface of the package 50. The solder ball 
60 is used to provide an electro-mechanical contact between the package 50 and a substrate or 
printed circuit board 62 the package is to be mounted on. The circuitry on the die 12 thus 
communicates with other electrical components on the printed circuit board 62 through the 
bond pads 18, gold bumps 20, leads 52, vias 58 and solder balls 60. In the embodiment shown 
in Figure 7B, the thickness of the die 12 and the package material 54 are approximately the 
same. Consequently, the height of the solder ball 60 raises the height of the die 12 so a space 
64 exists between the package 50 and the printed circuit board 62. hi one embodiment, the die 
has a thickness of approximately 0.7 millimeters. In other embodiments, the thickness of the 
die 12 can be either greater or less than 0.7 millimeters. 

[0017] Figure 7C illustrates another embodiment of the package 50. Li this embodiment, the 
wafer 10 has been back-grinded after fabrication to reduce its thickness, for example to 0.2 or 
1.0 millimeters or less. A thinner wafer enables the overall thickness of the package 50 to be 
reduced by reducing or altogether eliminating the packaging material 54 from the package. As 
such, the leads 52 of the package 50 are held in place by the insulating layers 56a and 56b. 
Solder ball 60 contacts the lead 52 through the insulating layer 56b. hi one embodiment, the 
height of the solder ball 60 is greater than the thickness of the die 12 so that a space 66 is 
provided between the die 12 and the printed circuit board 62. hi one specific embodiment, the 
thickness of the die 12 is 0.2 millimeters or less and the height of the solder ball 60 is 0.25 to 
0.3 millimeters. In other embodiments, the thickness of the die 12 can be more than or less 
than 0.2 millimeters and the solder balls 60 can range in height from less than 0.25 millimeters 
or greater than 0.3 millimeters. 

[0018] Referring to Figure 8, a flow chart 80 illustrating the sequence for making the package 
50 is shown, hi an initial step (box 82), the wafer 10 is fabricated with a plurality of die 12 
formed thereon. As previously noted, each die 12 includes imaging circuitry 16. The wafer 10 
is then scribed to form the individual die 12 (box 84). hi another initial step, the photo- 
sensitive adhesive layer 32 is formed on the transparent plate 30 (box 86) and subsequently 
patterned (box 88) using conventional photohthography techniques. Individual lids 40 are 
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thereafter scribed (box 90) from the wafer 10, each Ud 40 having a patterned transparent 
region 42 and support region 44. A Ud 40 is then mounted onto the die 12 (box 92) and then 
encapsulated in a TAB package ((box 94) to complete the sequence. 

[0019] The present invention therefore provides a number of useful features. The height of the 
support structures 44a-44d can be readily controlled using conventional semiconductor 
fabrication techniques. As a result, the height of the gap between transparent plate 42 of the 
Ud 40 and the imaging circuitry 16 on the die 12 can be precisely controlled. Furthermore, no 
optically transparent adhesive over the imaging circuitry is necessary. The imaging 
performance of the chip is therefore improved. The Ud 40 is also attached to the die 12 
relatively early in the packaging sequence. The imaging circuitry of the die 12 is therefore 
protected from contamination during subsequent packaging steps. Finally, the present 
invention takes advantage of a number of standard semiconductor packaging techniques, 
which helps reduce costs, increase yields, and improves reUabiUty. 

[0020] Although the foregoing invention has been described in some detail for purposes of 
clarity of understanding, it will be apparent that certain changes and modifications may be 
practiced within the scope of the appended claims. For example, many of the process steps 
described herein can be performed on the wafer level, such as the mounting of the lids 40 onto 
the dice 12 prior to scribing the wafer 10. Therefore, the described embodiments should be 
taken as iUusfrative and not restrictive, and the invention should not be Umited to the details 
given herein but should be defined by the following claims and their foil scope of equivalents. 
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